BACKGROUND/OBJECTIVES: Infant and young child feeding (IYCF) has not been documented in central and western China, where anaemia is prevalent. To support policy advocacy, we assessed IYCF and anaemia there using standardized methods. SUBJECTS/METHODS: A community-based, cross-sectional survey of 2244 children aged 6-23 months in 26 counties of 12 provinces. Analysis of associations between haemoglobin concentration (HC), IYCF indicators and other variables using crude and multivariate techniques. RESULTS: Only 41.6% of those surveyed consumed a minimum acceptable diet. Fewer still-breastfeeding than non-breastfeeding children consumed the recommended minimum dietary diversity (51.7 versus 71.9%; P o 0.001), meal frequency (57.7% v. 81.5%; P o 0.001) or iron-rich food (63.3% v. 78.9%; Po 0.001). Anaemia (51.3% overall) fell with age but was significantly associated with male sex, extreme poverty, minority ethnicity, breastfeeding and higher altitude. Dietary diversity, iron intake, growth monitoring and being left behind by out-migrating parents were protective against anaemia. A structural equation model demonstrated associations between IYCF, HC and other variables. Meal frequency, iron intake and altitude were directly and positively associated with HC; dietary diversity was indirectly associated. Health service uptake was not associated. Continued breastfeeding was directly associated with poor IYCF and indirectly with reduced HC, as were having a sibling and poor maternal education. CONCLUSION: Infant and young child anaemia is highly prevalent and IYCF is poor in rural central and western China. Continued breastfeeding and certain other variables indicate risk of poor IYCF and anaemia. Major policy commitment to reducing iron deficiency and improving IYCF is needed for China's rural poor.
INTRODUCTION
It is estimated that 1.62 billion people globally are anaemic, 1 with the highest rates among preschool children (43%) and pregnant women (38%); an estimated 273 million children aged 6-59 months are anaemic. 2 Previous estimates suggested that around half of the world's anaemia burden is caused by iron deficiency, 3 with the rest due to haemoglobinopathy, malaria, inflammation and other causes. While globally only 18.1% of anaemia among young children is correctable by oral iron supplementation alone, 4 a recent meta-analysis found that daily oral iron reduced the risk of anaemia among children aged 4-23 months by 39% (60% in non-malaria-endemic areas). 5 Most iron deficiency anaemia (IDA) is nutritional, and iron deficiency may impact child health and development before anaemia develops. [6] [7] [8] Addressing iron deficiency is considered one of the four most effective interventions in early childhood development. [9] [10] [11] [12] Strategies to lower the risk of IDA in early infancy include optimizing maternal nutrition, delayed umbilical cord clamping, improved infant and young child feeding (IYCF), and prevention and treatment of infections. 13, 14 Suboptimal breastfeeding, poor IYCF and micronutrient deficiencies are major contributors to undernutrition, morbidity and mortality in children. 4 However, continued breastfeeding beyond 12 months has been associated with reduced complementary food intake and poorer nutrition status. 15 Food availability and diversity have greatly improved in China over the last two decades, including in rural areas. 16, 17 However, nutritional deficiency owing to inadequate IYCF persists in some areas. 18, 19 Breastfeeding practices are particularly poor 20 and complementary foods are often of low nutritional quality or introduced too early or too late, in too small amounts or not frequently enough. 21, 22 Anaemia affects an estimated 16.8 million young children in China, 1 and several older 23 and recent reports and surveys confirm that it is especially prevalent among rural children (up to >40% among infants (o 12 months) in poor rural areas and around 20% among children aged 12-36 months; 24, 25 also based on unpublished data from the World Health Organization (WHO) and the United Nations Children's Fund (UNICEF)). Iron deficiency owing to poor intake and low bioavailability is believed to be the most important cause, although inflammation, haemoglobinopathy 26 and intestinal parasites 27 may also be common. Improving IYCF to reduce the high rate of IDA in rural China is therefore a priority. WHO and others recently introduced indicators to assess complementary feeding practices among children aged 6-23 months, 28 but these have not yet been universally adopted nor used to assess IYCF in China. This also limits China's contribution to global data on IYCF. In the research reported herein, we applied globally recommended indicators to a nutrition assessment in poor rural areas in China to assess the influence of IYCF practices and other factors on infant and young child anaemia prevalence.
MATERIALS AND METHODS

Study design and setting
We conducted a community-based cross-sectional survey of IYCF practices, anaemia prevalence and related variables among infants and young children in 26 counties in 12 poor, central and western provinces of China. Sites were selected according to criteria we have described elsewhere; the survey team, sampling and data collection have also been fully documented and are freely available online. 20 The survey was approved by Peking University's Ethics Committee.
Blood sample collection Trained staff measured each child's haemoglobin concentration (HC) using a capillary blood sample and a calibrated, automated analyser, HemoCue 201 (HemoCue, Angelholm, Sweden). Anaemia is defined as a haemoglobin concentration o110 g/l for preschool children, based on global definitions and adjusted for altitude. 3 Children with anaemia were referred to an appropriate health facility for treatment.
Variables assessed
We surveyed the following core and optional IYCF indicators using standard definitions 28 and survey methods/questions: age at introduction of solid/semi-solid/soft foods; minimum dietary diversity (MDD), minimum meal frequency, minimum acceptable diet and consumption of iron-rich or iron-fortified foods (CIRF). Dietary intake in the previous 24 h was surveyed semi-quantitatively, focusing on food types and frequency of intake, as recommended for IYCF surveys, 29, 30 not food volume. We also surveyed demographic and socio-economic variables for each child and mother/ caregiver, care-seeking practices, recent illnesses and other factors related to anaemia (Table 1) according to a conceptual diagram (Figure 1 ). The surveyed areas were also classified into three socio-economic typologies based on 10 indicators used by the China Ministry of Health to classify urban districts and rural counties. [31] [32] [33] According to this classification the surveyed counties are all rural types 2 (poor), 3 (very poor) or 4 (poverty-stricken).
Data analysis
Data analysis was performed using Stata 11 (Stata Corp, College Station, TX, USA) taking account of unequal sampling probabilities, clustering and stratification in the study design, as described previously 20 (also see online Supplementary Tables 1 and 2 ). Point estimates of indicators are reported with 95% confidence interval. Design-based F-testing was used to assess association between anaemia and the surveyed complementary feeding variables. Univariate analysis was performed and crude odds ratio, 95% confidence interval and P-values were calculated.
Missing data and 'don't know' answers were relatively infrequent (o10 for most variables), so we recoded 'don't know' and missing data as null values and included them in both numerator and denominator (except for maternal age and education where maternal information was unavailable), as recommended. 30 Based on the conceptual diagram, an explanatory model was hypothesized to depict the relationships between the variables measured. A structural equation model (Lisrel 8.80 for Windows, Scientific Software International, Skokie, IL, USA) was used to test if the hypothetical explanatory model fit the observed data, applying the maximum likelihood estimate. The model was modified according to substantive theory suggested by the modification index in Lisrel. An absolute value of ⩾ 1.96 (P ⩽ 0.05) for the standardized β-coefficient T was considered significant. Goodness of fit index, normal fit index, comparative fit index and the root mean squared error of approximation were used to test the model fit. For goodness of fit index, comparative fit index and normal fit index, 1 means a perfect fit while >0.9 indicates an adequate fit. For root mean squared error of approximation, o0.05 indicates a good model. 34 Calculation of a χ 2 statistic to test the null hypothesis was not required as the sample size was >1000. 35 
RESULTS
Demographic, socio-economic and care seeking characteristics As expected from the sampling procedure, there were more children aged 6-11 months (40.4%), and as is common in China 36 more male (56.3%) than female children (Table 1 ). More than half (57.2%) were the first born and 17% were children left-behind by either their mother or by both parents who had left the county for work. About a quarter (23.6%) were of minority ethnicity (compared with 8.5% nationally 37 ). Most caregivers interviewed (75.3%) were the child's mother. Mothers were almost evenly below and above 25 years of age; many (70.3%) had completed 9 years of education or more. Among the surveyed households, 38.5% were in least poor areas and 7.8% in poverty-stricken areas; about one-fifth (19.5%) were at altitude >1000 m (not shown). Complementary feeding practices As previously reported, 20 introduction of complementary foods was timely (88.3%), but less than half of the children aged 6-23 months (41.6%) received the recommended minimum acceptable diet (Table 2) . Fewer children still breastfeeding (37.1%) received this minimum than weaned or never breastfed children (44.4%; P = 0.07). Similarly, fewer still-breastfeeding children compared with weaned or never breastfed children consumed the recommended MDD (51.7 versus 71.9%, Po 0.001), and minimum meal frequency (57.7 versus 81.5%, Po 0.001).
Moreover, fewer breastfeeding children (63.3%) had adequate CIRF, compared with weaned or never breastfed children (78.9%; P o0.001). Complementary feeding tended to improve with age but was better among weaned or never breastfed children than among children still breastfeeding.
The diet of children still breastfeeding was less diverse and contained less iron-rich food than that of weaned or never breastfed children ( Figure 2 ). Breastmilk substitute feeding was common, even among breastfed children. The mean number of food groups consumed was low, ranging from 4.2 among the infants (aged 6-11 months) to 5.1 among children aged 12-17 months and 5.5 among those aged 18-23 months (data not shown). The average number of food groups consumed by weaned or never breastfed infants was 5.3, significantly higher than those still breastfeeding (3.2; Po 0.001).
Anaemia prevalence among children 6-23 months Overall, anaemia prevalence after correction for altitude 3 was 51.3% (60.3, 51.4 and 38.9% for children aged 6-11, 12-17 and 18-23 months, respectively). Anaemia was significantly lower among weaned or never breastfed children (44.6%) than children still breastfeeding (59.8%) (P o0.001) ( Table 2 ). Anaemia prevalence ranged from 38-97% by province (data not shown). Similarly, there was high variation of corrected anaemia prevalence between altitudes, with the lowest among children living below 1000 m (50.2%) and highest among children living above 3000 m (89.5%). Severe anaemia (haemoglobin o70 g/l) was rare (o 1%).
Factors associated with anaemia among children aged 6-23 months On univariate analysis, younger age, male sex, minority ethnicity, being left behind by mother, living in the poorest areas, living at high altitude, still breastfeeding, not consuming the recommended MDD, no CIRF and not participating in regular growth monitoring were significantly associated with anaemia (Table 3 ). Complementary feeding and anaemia in rural China DB Hipgrave et al
The goodness of fit index of 0.97, normal fit index of 0.92, comparative fit index of 0.93 and root mean squared error of approximation of 0.047 indicate that the model is consistent with the data (online Supplementary Table 3) . Figure 3 depicts all the statistically significant relationships along with some non-significant relationships of theoretical or programmatic interest. All other relationships were non-significant and have been omitted from the Figure (Table 4 and online  Supplementary Table 4) .
Direct and indirect relationships may be inferred from the model. For example, meal frequency, CIRF and altitude were directly and positively associated with HC, but male sex was negatively associated. The protective effect of growth monitoring on anaemia disappeared in this analysis. Indeed, a relationship between health service uptake (growth monitoring and vaccination) and HC was not observed. Breastfeeding was directly associated with poor IYCF (both meal frequency and dietary diversity) and indirectly with reduced CIRF and hence HC. Having a sibling and poor maternal education were also both indirectly associated with lower HC through poorer IYCF. The relationship of child age with HC is complex, reflecting both the increasing diversity but decreasing frequency of a progressively adult pattern Abbreviation: CI, confidence interval.
Complementary feeding and anaemia in rural China DB Hipgrave et al of food consumption (Figure 3 and online Supplementary Tables 3  and 4 ). The other direct and indirect relationships observed were generally as expected.
DISCUSSION
Recent research has assessed the rates of and associations with IYCF practices in several south Asian nations, 38 but to our knowledge no published reports compare these practices with recommended IYCF indicators in China. We have shown previously 20 that in surveyed areas the introduction of complementary foods was often too early, and here report additionally that less than half of the young children surveyed were fed appropriately, particularly those still breastfeeding. Some complementary feeding practices tended to improve with age but were again better among weaned or never breastfed children than among those still breastfeeding. Several variables were associated with poor IYCF (MDD or minimum meal frequency), namely young age, still breastfeeding, having a poorly educated mother, being a left-behind child or living in the poorest or high altitude areas. Meal frequency was associated directly with HC, as was dietary diversity (through CIRF) in the model presented.
The observed IYCF practices were consistently poorer among those surveyed than recommended by global authorities. 28 This observation is made despite decreased rates of undernutrition in rural China in the last two decades. 39 MDD and minimum acceptable diet were better than recently reported among a broader range of 6-23 month-old children in India, Nepal and Bangladesh, but worse than in Sri Lanka. 40 However, minimum meal frequency was worse than in any of these countries except India, 40 reflecting a tendency in rural China to only feed infants and young children at the same time as adults. The observed association of poor IYCF and continued breastfeeding has been noted previously in China, 19, 41 Mongolia 42 and India (albeit inconsistently, across indicators). [43] [44] [45] We infer that continued breastfeeding implies a higher risk of poor IYCF, with implications for counselling, follow-up screening and intervention. The absence of any relationship between health service uptake and HC underscores recommendations that any contact with infants and young children provides an opportunity for a broad range of preventive healthcare. 46, 47 This should include counselling women still breastfeeding infants and young children on the importance of frequent, diverse meals containing adequate iron.
Anaemia was alarmingly common in our sample, confirming published 23 and unpublished findings that it is very common in rural China. The risk varied by most of the same variables identified elsewhere, 13 and iron deficiency can be assumed as one of the most common causes. Although recent respiratory or diarrheal illness was very common, it was not associated with anaemia. Intestinal parasite and malaria infection rates are uncommon in the majority of surveyed areas, but other recurrent or chronic respiratory, gut, or skin infections may cause anaemia owing to chronic inflammation in some children. Nonetheless, the observed levels of anaemia constitute a severe public health problem, 1 and there is no doubt that IYCF was poor. As IDA is the tip of the iron deficiency iceberg, the implications for the growth and development of children in surveyed areas are devastating.
The observed associations of anaemia and HC with male sex 43, 48 and poverty 43 have been reported previously. The association with poverty confirms that broad socio-economic conditions influence the risk of anaemia in children, as suggested in the conceptual diagram. Potential explanations, include generalized bone marrow failure owing to malnutrition, chronic infections or other causes of Complementary feeding and anaemia in rural China DB Hipgrave et al inflammation limiting utilization of iron for haemoglobin synthesis, deficiencies in other micronutrients besides iron, exposure to biofuel smoke and other unexplained mechanisms associated with lower socio-economic status. 13, 49, 50 Also consistent with previous studies 51 was the association of anaemia with high altitude (notwithstanding that altitude was positively associated with HC, a physiologic response). Previous research has also identified a correlation between altitude and body iron stores but not among children; 52 as we did not measure iron indices, our findings cannot be interpreted further in this regard.
China had achieved the 2015 Millennium Development Goal target on child underweight by 2002, 53 and dietary intake has improved significantly, with markedly increased consumption of energy and animal protein in both urban and rural areas since 1990. 54 However, for most children surveyed, grains and cereals which contain inhibitors of non-haeme iron absorption such as phytates 55 were the most important dietary component; consumption of animal products was generally insufficient, consistent with other published data from China. 21, 22, 56, 57 Locally-produced, iron-fortified infant formula and complementary foods are widely available, but may not be prioritized by poor rural households. While most infants can share standard family foods by about 12 months of age, they require nutrient-dense foods up to the third year of life. 58, 59 Plant-based complementary foods alone are insufficient to meet the needs for certain nutrients (particularly iron, zinc and calcium) during this period, and animal products may not be sufficient to meet these deficiencies. 60 Other strategies to optimize intake from locally available foods should be introduced to address micronutrient malnutrition in poor rural areas of China. These may include home-based fortification with micronutrient sprinkles or powders, [61] [62] [63] staple food fortification, 64 supplementation, or fortification of affordable/subsidized complementary food, cash transfers or the many other interventions proven to influence nutrition among both infants and young children, and women. 65 In particular, all parents in rural China should be educated on infant feeding frequency and dietary diversity, including during vaccination sessions, developmental and growth screening and other health system contacts. Based on our findings, particular attention should be paid to the poorest families, children left behind, breastfeeding mothers and women with low education, more than one child and living in higher altitudes.
The following limitations of our study should be considered. First, as a cross-sectional study, we report association rather than causation, although the structured equation model is a powerful statistical technique for simultaneous consideration of the multiple variables measured. Second, the 24-h dietary recall method used has the potential for respondent bias and for not representing longer term dietary patterns. However, we followed the recommended survey methodology 29, 30 and noted the finding on iron-rich foods and anaemia rates, suggesting reported dietary intake was representative of the longer term. Third, for better differentiation of risk factors associated with anaemia we would better have studied a more diverse population with a lower overall rate of undernutrition (by including sites in China's wealthier east), but with the available resources this would have limited our ability to describe the adverse IYCF and nutrition outcomes observed and advocate for related solutions. In particular, our sample included a disproportionate number of children of ethnic minority origin. Nonetheless, our findings are likely to be representative of many rural counties in China's west, which is characterized by lower urbanization (28.8%) and higher minority population (22.2%) than the corresponding national rates of 49.7 and 8.5%, respectively. Extrapolating from global estimates of anaemia that is preventable suggests that millions of cases of iron deficiency and anaemia from other causes among children in western China, and in similar communities elsewhere in China, could be prevented.
There are signs that health authorities in China are now taking IDA and micronutrient deficiency among young children and pregnant women more seriously. After several pilots, prepackaged micronutrient powders standardized for young children are being distributed in poorer counties for home fortification of meals, and a national standard for micronutrient supplementation for women is being finalized. Moreover, proactive steps are being undertaken to improve economic development in China's west. However, it is clear that IYCF practices remain very poor in areas represented by those surveyed, and should be the focus of intensive efforts to change related behaviours. Reduction in rates of micronutrient deficiencies have lagged in comparison to China's progress in other areas of maternal and child health. Our survey provides evidence of the imperative to act quickly to reduce their impact on foetal and early child development.
